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Title of the Invention : Method for Producing Spherical Silica Particles 
[0001] 

[TECHNICAL FIELD] 

The present invention relates to a method for producing spherical 
silica particles. 
[0002] 
[PRIOR ART] 

Conventional methods for producing spherical silica particles 
include a method comprising spraying silica hydrogel and collecting 
solidified spherical silica particles, and a method comprising 
emulsifying silica hydrogel in a liquid that is not compatible with 
the silica hydrogel to produce spherical silica particles. 
[0003] 

[PROBLEM TO BE SOLVED BY THIS INVENTION] 

The conventional methods produce spherical silica particles with 
particle sizes that vary widely; the methods can hardly provide spherical 
silica particles with a uniform particle size . Controlling the particle 
size distribution requires classification of the particles, or sieving 
them, which increases the production cost of spherical silica particles . 
[0004] 

The present invention is made to solve the aforementioned problem. 
The objective of the present invention is to provide a method for 
producing spherical silica particles with relatively uniform particle 
sizes, without classification or sieving. 
[0005] 

[MEANS TO SOLVE THE PROBLEM AND ADVANTAGES OF THE INVENTION] 

In order to solve the aforementioned problem, a method for 
producing spherical silica particles according to the present invention 
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comprises, as stated in claim 1, allowing silica sol to flow out of 
a nozzle at a predetermined flow rate; applying vibration with a 
predetermined frequency and a predetermined amplitude to the silica 
sol in the nozzle; thereby making the silica sol flowing out of the 
nozzle fall in drops; and gelling the silica sol drops in the form 
of a general sphere to produce silica sol particles. 
[0006] 

This method for producing spherical silica particles applies 
vibration with a predetermined frequency and amplitude to silica sol 
in the nozzle while the silica sol is flowing out of the nozzle at 
a predetermined flow rate. Then, a compressional wave (or a 
longitudinal wave) resulting from the vibration propagates in the silica 
sol, continuously flowing from the nozzle and therefore being in the 
form of a general column, which cuts the silica sol column at generally 
regular intervals into drops. The drops with a generally same volume 
form spherical particles with a generally same diameter by their surface 
tension. Gelling these silica sol drops produces spherical silica 
particles. 
[0007] 

The spherical silica particles thus obtained have very narrow 
particle size distribution as they are, which eliminates the need for 
classification or sieving. Therefore the spherical silica particles 
in their as-prepared state are capable of being used in applications 
that require spherical silica particles with a uniform particle size. 
Alternatively, when the obtained particles are sieved, the sieving 
will be simplified, which will improve the yield. 

[0027] 

The mixing tank 15 is equipped with a non-pulsation metering 
pump 16. Silica sol, placed in the mixing tank 15, is pumped to a nozzle 
17 without pulsation at a predetermined flow velocity and flow rate. 
The non-pulsation metering pump 16 is provided with an air damper, 
which is capable of canceling even small pulsations generated when 
several pumping mechanisms contained in the non-pulsation metering 
pump 16 are switched over. A collecting tank 19 is also placed below 
the nozzle 17, to collect produced silica gel particles. 



2 



a0B*MHM> (j p) (i2> & gg ^ & $g (A ) (ummm&mm 

#012000-169134 
(P2000-169134A) 
(43)&HB ¥fiEl2*E6/|20B(2000.6.20) 

C 0 1 B 33/152 A 4 G 0 7 2 

B01J2/02 Z 5D107 

2/18 

B 0 6 B 3/00 



«HK* »«3»Oft5 OL ($61) 



(2I)fliR»^ 


#■¥10-350043 


(71)ffl«A 


000237112 


(22)fflKB 








¥J410^12^9B(1998.12.9) 




B#THRfc^Hr 2 TB1846** 






(72)»W# 


Oft 








*m# Bmntmim 2 tbi846#» 














(72)»»t 


Stffl »flf 








JWaHtK^}S3-9-14 






(74)ftHA 


100082500 








#«± JEi ft Wl*) 











(54) [»!H0£*M ««^U*0»fi*fe 



(57) 

[SMI] ftm%i:ftbt£<Th, itfeWe^Soflfo 
y * £#5 r t jpt 1 5«#-> y * o»t*ife 

iM&^m 1 5 rt© 5/ y * / 1 

©^httSfcfcoTHWt 1 9^i*T1-5. v-y*y 
/Hi, pH^P®LTWk»s=-^hn-^^tLT 



<51)Inta.' ttffllB^ 
CO IB 33/152 
B 0 1 J 2/02 
2/18 

B 0 6 B 3/00 



r 1 



; ► 




=3 





(2) 



2000-169134 



[ft*5i] -llfo^JW/^/^a^ 
too, WE/X/i/rto^!J*^K-£Hjgi»l3J:V 

»Hi1-5vy U ^»^?Bfcic:ioTI& 

SSR 4 4 5 > !> * '/frWMc. 3 ■SrTtMHM- 5 £ * £ 

#$^1-53$$^ #©«&£& 
[ff*52] tte/XA^aunof^MiusjicitSjer 

eglcESL-C, SMffi£^B/X,urt»lE|§;5SjgtfS 10 

t -rsm** i eiat© y * ©ttta*. 

[fS*f 3] BifEfi»iW»5, jES*?*>5::fc*» 
ftit 591*51 *fcl±M*« 2 tE«©««t->y #© 

[11*54] m©*»*tfLT-£M;©iH»*« 

|[*'rftlk*ftttU fflEfti, *2©gft***£* 

t>- y # y>*±j* £ * © v' y * />fci»E / xa- 

fcftfcU *©&, *KHHIK£«IE7A<*yajMr>r 20 
Kfe©5S(c*tfc^ilffit5 r fc K J: oT-> y * y>© p H 
%3iBU ^pHMti?), v>y*y>©yyufc*-e 

•H-5 r i «rWRt+5»*« 1 ~lt*^ 3 ov^-f 
*»¥>*UJl-5*--flfcy-^«:«||ftL, *©&«{blcj; 30 

o-t«HM*i:*5^»y-^«:ifc«yifc^y*^ 
1 1-5 r. fc t -tzmtis y * ©i^fe 
^"[»S©S*4RH] 

[0 0 0 1] 

*ftl-St5o 
[0002] 

[$£©Sfl?] sM^>y # ©§&&#£ tL-m. 

IKf y * *0lK+5#8r*\ ->y*tKn y>fclfflHfe 40 
04V*#f TS 1 «5*T«tti'y **35#8af#*i 

[0 0 0 3] 

[*W#fl*L.fc5it5IIUB] Li»L4#fc, -hE& 

*©«fi#ifc-ctt. itt«»ttf«©tfe>of 

*©fc»» aSR^yACtttt^^a^hn-A^-St 

it, * y *&?©s&tfc£&it«ai& *r»eai 1 4 o , 

[0 0 04] *mi±. JJBBWHHIti-5fc*K4* 50 



ftfcfc ©-*?*>$, *©BWtt. £8MPfcfTfr4<Tt>, 

»*✓ y #©<5Sg£££ittti-5 r t tabs. 

[00 0 5] 

M£$fc-f5fcft©m *5±W»W©a*] ±iS 
© I « £i§f£T 5 fc ft I' 4 $ ftfc#£?f! ©3*fc v- y * © 

KiSSrtttt. fS*5 1 Btt©3 9 . -£«*©$/ y * y 
y x**MHH3*oo,, Mis/ X;urt©-> y * y 
A't-««tt*JS J:t5-3ai«Ojg»*4-il5 i £ 1 i 

ot. iwayx^6,«nit5->y*y/i'**jwt:u 

*©«*fll K ± o TI&ifcR fc 45 5/ y # y>£^>fc $ 

*-ce?- Art - izbtumt-t-s. 

[0006] rro«tt^y*o»fi*ifetJ:iitf» -£ 
**©'>y*y"A'*r/'X/ui»t ) j6Hi^-fro-o, /X/wft 
©'✓5 * ^K-fiitaBs ±ot-3HW©MI*4*. 
3©T\ yX^»fe»KL-C«HlLT«ttJ)t©»«t4 
5->y#y>KW** (8ESE) #£*u rHtcig, 
y * j/^©«tt^Kff*BH-e^BrSiT,-c«*<tt 
5, *LT» TrtffSih.fcKffW*MI©5'y*^H:» * 
B«*fcJ:oTBIfPlft©*SlSR#i:45©^. t©-> 

y * /a*?**: s-frt&^flrrs fc att^ y * 1 4 

5. 

[0 0 0 7] r©J:5tU-C#fetifc*R^y#«t, # 
«Mrfrfe4<Tfc, #fcfcT*v*tt*£**r*1-fc© 
£45©T\ *Mfc»*5£S©fc5fli£T?«ffl1-5 
MIC. *©**«B*5wi::4*?*5. 2b5^tt, ft® 

[0008] 4fc, c <d»s y * ©K5t*feictev * 
T s SB *4*.4v ^frTTftt, / X;u>i> >> y * y^ 
«MWa««««-t?*lil1-5 i 5 efSSS^^Tv^5 r. i# 
a*u\ rtitt, /x/ui6»b^y*'/^aifcwi-e 
«Efflt5t, ->y *'/;w©«6**H]HlN1lfS^4v^ 
R^3*<45fcft1?&5. fib, ft©M*frfcJ:5If 

#x\ ■ aewitf *>ot t y * tf/wme&mm-e 
Ttmztitt^zktthi), 11-, #'>©a«««iT*s>o 

■Ct>Hffl±WHas4v^S«»*©3ElCR'>y *^ft#5 

3tHtRr«4©-c, *ffl±ii, ->y*y^©«ji, ^ 

y^X»fc||«L-C«i3JI«HjttBi:45J:5KiU fttt 
*M©ttSt*&U-c»afW«*:JiP*:*itf J:v\ 

»JWFK»HlliT^fF*ii5. 

[0009] /x^f,«ta-f-5->y *y^©isitjiiL 

Ttt, «x.tf0. lm/s~l 0 Om/sSSWsliiSr 

A, a««ET««i:49iS«a**#?>*i4v^v^* 
A*aM»t<49» *©-*» rti^±«SSrS!< L 
Tt>v / X^CHD*.5E***1!rtM< ftotTWT 



3 

[00 10] ^y#/^K4*.5«BtoV»THt, SIC 
WfrHfcSiiS. figf©fit§^ov^l4, WfcR£3*i 

ftvv&s, **9*si-yxti*^-#/>*<T» * 

[ooii] yX/KOjtfflqttHBlrRfc-f, «£ffi© 

if , #©&&#*# < ft* 0 

/ x*©«tH net 6«tt#jws*tii t» l-owk 

RffiftSfrttlBy X/bMI»iSOSjfMi»« 
T, flIIBS'y #/^fc«lt*4*.3 i h 

[0012] ro««^p*o»*tiie±ntf» s/y 

2fcB«©*J*«:SUfl+$££K:J:oT, v'U*^© 
ft$S*l±£a»Tf±ftv^, 0!x.ff, £ 

wmm. l t < < , y x^^a tfc -> y * y>K* 

i 5 , ~>y nv/^mmt: n mmfmx^mzh 

[0013] ft*, r©*K^y*©Kjg*jfe{cist> 
x, siis t «w p t ©n©EKa, ipjfcjfi-^ft 5 1 

*fflP^©^y*'//u©i»Sr«Uf5«Hi4»J, *© 
a»fcit?rt$i»iW«M'+^©-e, rft 

bSr#lt-t-5i0iJx.tfO. lmm~10 0mmgIC® 

sr«i«t5«^fctt, aiotHiPct^ii. fin 

[0014] ft*S3 iC|E«©«^->y *©»» 
*fcf4, l!ij!EJgft©a«, iEBSTfcari:**** 

1-3. r©35Rtt^y*©«&&tt{cj:oTf), ~yy#y 

/i'©ait»*SrJ:!)*<1-5r:iaJT?*5. »**3fc 
»»©1Brt*:JMI-t-5rtK:J:o-C, f y*y/u©ttlt 

•^fctfc^T* S»©«B«SEa3SET*)5»^Ki, ~>y 

m?m&mmm< fto-c^t. Lt^o-c, 

»©8#*]EKS fc +5 r i &®%$)X~f>5 1 %k hti 
5 0 



(3) 4#i 2000-169134 

4 

[0015] ft*, m*m2toS:um$im\cmMoM 
y *©«a*ffitt, ib i ©«b*^lt-s«*©«mi 

*2©«B*#L-C-iBtt©7* 
* 5 £**>f U SuBBl, *2©jttB«:^ 

yX/H^Jt^L, ]|flE«lMI»&ttG7^*y£ 
io M^»lS©Sc*Jt*a«-f5ri:[i«toT->y*V^ 
©phsthsu ^pHUSic^tp, -yy#y>©y/u 

0f£©BiRteB^i(»t-5 t-eoJBWrt J: 
[0016] r©j*Rs/y*©«&6rifeKj3^T, ftift 

3jlttt«:i»Srfflv^©4SHW5l-e*>5. 4fc. 

fttWSfcSfcoTtt, &ift&« «ttt*) 
TaBfc*K*?**+*U*J:V\ ft*, fgl, ff|2© 
*R*£«£tfT->y#y>fc^£*5t^-ett, * 

m£-tzt£i<\ r©j;5(-i-5t, ->y*y^i l 

U»t5©-c. »^ttft^Mt*fir 9 fc< < . ®-ft 
30 -y y * feivfr-n (a u ft^Wft •> y * y> 
©pHtt, «WHt7^*y**^»ll[©jlE*ttfcJ: 

[0017] *»S*ife-eH:, rrojEtJt^pfi-fsr 
ttJ;oT->y*y/W©pHSrSl!lL, r© P HPSic 

H 4 SS© -y y * ✓A'tt, k i o #~ 3 o 
ittZ, ZLX, r©phSriS<t5 p 
40 H7~9SSti"5) fc^A^k«NHttfi<ft9, P H^ 

Kl4ft<ft5ffi|6l^&5. 

[0018] 7/U* y &JS^Sfc!££iS£Lfc 

a, •yy*y^s«6K4:aoryX;ncs»), yx^ 
~*mt s * -eic^ s i^r^ i4, t © jtB©^w-rai t 
^d^S"i*)ffil-ct^T#5©-e, ^y#y>©pH 

SrJWft LT*»ttf , y * /A*y XyU^flEffl LT 

tt. *>5pHtiHiSiifc-yy*y*^-c*)iitf, 
so ^^maiLxt^Mtiimziiio^ isy*-//i,<D 



5 

[0 0 19] £©£54^*P*©JB6#S:fc:J:ii 

[0 0 2 0] ftfrttfcli, flfctf, «*fc£iifc«>9;& 
y>«HWS«iK«n L< li*at«Ift«t>cl;TS*5 

y * /A*Br£©MW'>Wtt-S 4 X-WMKt 
5i5fcLTt>iv\ flU ::©*£«:, ftWMftv 
UMHHtf OS i 4 5 ©T% *©£«tt»6iB«©* 

[0 0 2 1] *>5V*|i, «HftSJlT*Tt5^9*'/ 

iv\ fiU ro^B, ->y#//wi:©$B&tt;5^ 
**, *J:i«©a#**6**t3'P*t^'fWrt- 

[0022] at** 5 &«*©*«* y #©§![ig 
ma, -36«»o^»y-^tyx>P4»6»HS* 

[0 0 2 3] 1-4*)%, ££K9! 1 ~»*S 

4 tBto«tt^ p * o«a*ifeT?tt, y e> v- y 

*y>*«ffi3tf-CVfcas, nfifcftiT, 11*5 5 c 

Bit©*** y * <o$«£-c*ii, y x*a» Pj^iy 

-yir^ffl^-fr^o ^>f»y-^**llft1-5tt»* 
Lfc^»y-^S/p*^A«^t1-5Ktt, ft*k3 

SrffoT^»y-^otMnftff5rtasie»K:4«. 

[0 0 2 4] K*B!©2rifcH:, WfcRSSttfcVvP, tf 
**ftLfc^>fKy-y«r»tt^4>K:*TS* 
5*feSraUB"Tf*. :.©*•£, «*ftLfc^lty-^ 

mt#x*tZ, #*fcTO4tt©»l»*fctt* 
y-^fcftJS&IBSEffc t< tt»«fflI*1'K»TS* 



(4) #12 0 0 0-1 6 9 1 3 4 

6 

i- YV VAtWuLXbtW Sfcic, fl*tf, Mfc 

fc*©S4IITU *©*ft«ffc#fe1-5*fcJ:!) + h 
y ^A^flPLT'biVV r©i§£\ ±IE»tlCli# 

mmimMLxmm%feikLxt>M\ ±bk» 

t»i5ll©SWtt«^*5V^t«»4ifttftT*) 

4 < x taafwfcfr^s' 3 y 1 45 1>©4 ar-c* 5 1 

i*U>. 
10 [0 0 2 5] 

[38W©H!t©»i] ***!©*S»*fcoi,vT 
-««r*rfTBWt5. ftflJI^ *3i^©8»fe©|| 

kmi L*u*#-y y *8aa»©#£fcov*-c«¥K:tt 

[ 0 0 2 6 ] 0 1 K*1-J: 9 K\ r©«6R->y *»its 
ftti, ^-f«y-y©«wfc4**i#^i 1, m 

»©tt*BSU:45*2*>*l2fc«;t, &*y*©rt 
&*vyi;:tti££;h,fi£*#y7 , l 3, 1 4fc 
<toT-Sjf*T-ji^«fl 5rtNB££Jv ft&tf 1 5 
20 Cj-e'>'y*y^tr4j*S*5J:5t4oTV^5. 
* 1 1, 1 214, ^Ky-^ioiuwg^ti^tifi 

mttmmzmtzms mm) m^x^ * 

fc v ftftffi 5I4 S JES3ivc<3fr-fl|y-#»J:tf 
«»*r«*M-5S««Bl 5 a 
©RtfS»S:ft91-53»tl (H*») t>«x.TV>5. 
[002 7] K&ff 1 5 Rltt, «S|Rii^y7* 1 6 

sn, -fuc J: 5, ft^iii 5rt©->y*y>m, until 

1" 5 r 1 4 < -S©«E**s J: U«*-C? y X^U 1 7 ^JE 
3l*ii5J:5K4oTVN5 0 fflffift^T" l 6 1^(1x7 
30 /y/<-3S»f«Sii, c©x7^w*-T\ feMBiTKy 

7*1 6^rt«1-5ai:©Eii«»©§]SltlC|l41-5« 
)6>4/^^tt©WB*r<>fr*>*1-J: 5 ttft££*iT^ 

5. yx*»i 7©T*(cii, Uit^Hs-yy 

^^/wK^^HRI-SfcfttEMllflri 9*ER§tiTV^ 

5o 

[0028] /y>m 7ii; 02lc|¥iNBlc^tJ:5 

A,*A,y-2 \ft\m&$ft*.ftu?mx*hz>±fr2 1 
40 a iDTfimzmmtmrnzmfeZhtz; x^-fv- y 
2 3 1 . / y>*;u^- 2 1 legs ^nii4tt«c»*a 

[0 0 2 9] / XyU*yU^- 2 1 ©fljffilctt, jJlAP 2 
lb«^, r©«AP2 1 b*r*LT(M&**l5 

•>y **/A*-tA'2 1 a msEA-ra <t 5 fcfto-cv^a. 

*fc» J ?>7U- h 2 3 i^(4, a»©»EajP 2 3a* 
w©iSEfflP2 3a4:^LT-fe^2 1 «rt©^ 

y * jtdrt - 5 J: 5 e 4 o t v ^5 . 

[0 0 3 0] *->2 5t4 v =fA/<y*y2 7*^ft* 
50 *fc*MnfyX^*^-2 1t3t«FS*lT*S9. 



7 

-CV5„ tfc, :©*-y2 5ft, ±|E»ftftP2 3 a» 

4>&n« (H2t»-js«n?*iii») mvzmx. 

»LT|[St5gtlB2 5a^tt, :OfilI2 5a 

t;v2ia rtfcfcvvttttiin 2 3 a fcat[&1-5ffi* 

fcfc !K S$C©»fcffi P 2 3 a It, 2 5 a (C 

[0 0 3 1] 2 5 ©-ffilcii, H l fc*tJ: 5 
K, WF3 1**BK*HT^5. M?3 lit, 
yH^ai^fcftjROtS^t^lfflLTfllrtihfcfc 10 
©T\ «*ft«fiB3 3a»feSE««EasBlilOS*ifcBK: 

ffl-3 5, f/BXa-rST. SitfHiH***:/*- 

[oo32]: ©attti/ y *»««?* 5 * SrSig-t" 
A^y y 1 3 k ± o -c-jatft-eafi^* 1 5 a^es 

L, $ 2 * > * 1 2 ft©«Sig£;£**yX 1 4 C 20 

±oT-36«*-ea^1tl 5l*l-E2H-£o ftftttl 5 

rt-cn, *>r « y - ^ t mmnrns £ ft, *©& 
fya/^ttfl-s. :©->y #y;w> P Hft, 

ft* So 

[0033] s&flri 5rt«>^5*'//ni, mmws^y 

*TVX/HRl7~ffi£atfl, yX**/l^-2 1©« 
ffilC&**AP2 1 b^tTyX/l^l 7©-tr/W2 1 30 
a rtfc*X1-5. -fe^2 1 arti^ALfc^'J*/^ 

It, y X/wXu- h 2 3 c#jS3ftfc*Ro*Wn 2 3 
a^bfltWU /XA*17©T*fc*>5BWI19^ 

tffiTZhio *sv **/A*4rtUTa»e>«un 2 3 a 

6 r 1 1 9 = > h a -/u-e* 5 

©T\ y * y>©$0Ht#|I| 4 «ffift#y X 1 6 ©it 

y #y>*sitaiq 23a sr^L-caeaiL^b^Mki* 

SJ:5fcillE-<?t5. tfc, /X/HBi7t@«llfl9 40 
fc©«*4^t»ft+5::ifcJ:9, ->y*^5H 

[0 0 3 4] yX>Uttl 1 aAfcStfc 

5„ -t-fcfe*,, *->-2 5lt, HH?3 littld, ft 
fflP 2 3 a ©t^«li»le-5ti-5*l6] m 2 t ©W*fc 
WA*fil) HHttU ■feA'2 1 art©i/y*^HC»L 



#12000-169134 
8 

&ft©js&& m «it, tttft«»3 3^&Ri 

in$tlD±!C£oTny hD-/U§tL§ 0 tLT, r© 
»«IS&CBAl£|WtSw2:lcJ:9. yX^gpi 

7 *fe«Hi-5 -> y * taawbts r t 5. 

[0 0 3 5] «±©J:5fc**SiifcS6R^y**3tlS 
■fc*5V>T\ / X/UgS: 5 0 n m, y * '/>©«*£ 
1. 2ml /mi n, ftS«r 1 0. 3 9m/s,g»§C 
£33. 5 6kHzfcK£LT. ^5*»-?-*«3!eL 
fc. *©££, fJWTOlOSvm©****'?**? 

SrimitSwtas-ett. i©«ttS'!i*tk?tiNUI 

[0 0 3 6] fiUb, ttSClWto^TSSILfc 
**W©HieKlllto^-CB±E©t©£WI-tt)* 

*©*»»»*#**. e>*is. ±eias»«-e 
it, xMmmm\vmk®& t 

t -> y * y>*£j* u i © ■> y * y x^a* 

-^^fflne^i: LTUMSt'/J *y>ufc»6S. fc# 
It, yX;^P>©«mifW8t)4v>„ 

[0037] *#«jttt, «A.tf, -sitoy^iy 
-^Sryx/^^ftttl^-froo, /x^rtrowRy- 
^t-*Bftfd3J: V-3ttM©i»«r4*.5 1 , y X 

l^A^^tt^^^l^VNTfftt^lt, JWftftfcBM© 

-yy*y/^f5^t^T*%5„ ft*, ^a©*& 

It, ^^y-^t©^hy ^ASr"??pT*#5*jfe-Cfe 
*ttf, |6tt^^'PK«TS*5**fiWK©*S-e*>oT 
ttv\ 

[@Sj©j»*ftKW] 

[a i ] «^>- y *sit^s©^ft«fife^^-r«^ii 
w*©»wi 

1 1 • • -f>l^V^, 12 • • -Sfl2*y*, 1 3, 
1 4 • • • 1 5 • • • g£«, 1 6 • • • 
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